background: Although several studies have suggested that CXCL12 and its receptor, CXCR4, may play a role in embryo implantation, there are limited reports of expression of CXCR4 and CXCL12 in human endometrium. The aim of this study was to investigate CXCL12 and CXCR4 expression in human endometrium and to see if CXCL12 could affect matrix metalloproteinase (MMP) production by endometrial stromal and epithelial cells.
Introduction
The role of the endometrium in reproduction is to accept the implanting embryo and to form the maternal side of the placenta. Abnormalities in endometrial function result in reproductive failure and, in particular, infertility and recurrent pregnancy loss. The endometrium consists of an epithelial compartment and a stromal compartment. The epithelial compartment can be divided into luminal and glandular epithelium. The luminal epithelium lies closest to the uterine cavity and has first contact with the embryo, while the glandular epithelium invaginates into the underlying stroma. The stromal compartment contains a unique population of leucocytes, the largest number of which are CD56 + uterine natural killer (uNK) cells. The numbers of uNK cells in the endometrium increase dramatically during the secretory phase of the cycle and stay high in the first trimester of pregnancy (Bulmer et al., 1991) . Chemokines are small peptides produced by numerous cell types, which interact with G-protein-coupled receptors on the responding cell. They were first described as interacting with receptors on leucocytes and having a role in the recruitment and trafficking of leucocytes particularly to sites of inflammation. However, more recently the expression of chemokine receptors on other cell types has been described and studies have shown that chemokines can affect other cell activity, including cell proliferation, angiogenesis and regulation of metalloproteinase and integrin expression (Mulayim et al., 2003) . Expression of a number of chemokines and their receptors has been described in human endometrium (Dominguez et al., 2003; Mulayim et al., 2003; Dimitriadis et al., 2005) and they are postulated to play a role in embryo implantation and/or recruitment of leukocytes (Salamonsen et al., 2007; Carlino et al., 2008) . In particular it has been shown that CD56
+ NK cells express high levels of CCR1, 2 and 5, CXCR3 and 4 and CX3CR1 (van den Heuvel et al., 2005) , suggesting that ligands for these receptors may be important in increasing the numbers of CD56 + cells in the endometrium during the secretory phase of the menstrual cycle and during early pregnancy. Several recent studies have suggested the importance of CXCR4 and its ligand, CXCL12 (also known as SDF-1), in placental function. CXCL12 and CXCR4 may play a crucial role in CD56 + CD16 2 cell trafficking as CXCL12 increases the motility of CD56 + CD16 2 cells, but not CD56 + CD16 + cells, in vitro (Hanna et al., 2003; Wu et al., 2005) . CXCL12 and CXCR4 are also expressed by first-trimester trophoblast cells, including those that invade the maternal decidual blood vessels (Wu et al., 2004) . CXCL12 may also be produced by decidualized stromal cells (Park et al., 2010) , although another study was unable to show its production by cultured decidualized stromal cells (Zhou et al., 2008) . CXCL12/CXCR4 signalling in trophoblast cell cultures has been shown to stimulate anti-apoptotic pathways and promote cell survival (Jaleel et al., 2004; Wu et al., 2004) and to increase invasiveness and matrix metalloproteinase (MMP)-2 and MMP-9 production by trophoblast cells (Zhou et al., 2008) . Although expression of CXCL12 by monkey and bovine endometrium has been reported (Ace and Okulicz, 2004; Mansouri-Attia et al., 2009) , there are very few reports on the expression of CXCR4 and CXCL12 by the human endometrium. We therefore used quantitative real-time PCR (qRT-PCR) to determine the expression of CXCL12 and CXCR4 throughout the cycle in endometrium from normal fertile women. We also used immunohistochemistry to determine which cell compartments within the endometrium express CXCL12 and CXCR4. CXCL12 is reported to affect MMP production in a number of different cell types (Klier et al., 2001; Kucia et al., 2004; Chinni et al., 2006) and MMPs are known to be important in embryo implantation (Salamonsen 1999; Cohen et al., 2006) . We therefore investigated the effect of CXCL12 on MMP-2 and MMP-9 mRNA expression and secreted activity by cultured stromal and epithelial cells.
Materials and Methods

Human subjects
Endometrial biopsies were obtained from normal fertile women attending the Jessop Wing, Sheffield Teaching Hospitals for surgery for non-endometrial pathology. All samples were collected with written informed patients' consent and ethical committee approval was obtained for this study. All of the women were aged between 20 and 40, had menstrual cycles of between 25 and 35 days, normal uterine anatomy and no steroid treatment for at least 2 months prior to the study and were all of proven fertility. Samples (n ¼ 30) for qRT -PCR analysis to determine expression of CXCL12 and CXCR4 throughout the menstrual cycle (n ¼ 6 early proliferative; n ¼ 7 late proliferative; n ¼ 7 early secretory; n ¼ 4 mid-secretory; n ¼ 6 late secretory) were collected into RNA later (Applied Biosystems, UK) and stored at 2808C prior to mRNA extraction. These samples were dated according to the stage of the last menstrual period. Histological dating by an experienced histopathologist was also obtained for 26 of the 30 samples and in all cases this agreed with the date obtained from the last menstrual cycle. A further 12 samples (n ¼ 6 proliferative; n ¼ 6 secretory) were obtained for immunohistochemical analysis to determine which cell types express CXCL12 and CXCR4. These samples were snap frozen in liquid nitrogen. These samples were dated according to the date of the last menstrual period and morphological appearance. An additional 11 samples were obtained at different times throughout the cycle for cell culture experiments; these samples were collected into Hanks solution and taken directly to the laboratory.
Cell culture
Human endometrial epithelial and stromal cells were prepared from endometrial tissue as previously described (Tuckerman et al., 2000; Cork et al., 2002) . The tissue was chopped finely and incubated at 378C for 45 min in 5 ml Dulbecco's modified Eagle's medium (DMEM) containing 0.2% collagenase (type 1a; Sigma, UK) (DMEMC). During and at the end of the incubation, the tissue was pipetted gently to disperse the cells. The epithelial cells were separated from the stromal cells by centrifugation at 100g for 5 min. The pellet which contained epithelial cells, mainly present as glands, was incubated at 378C for a further 45 min in 5 ml of DMEMC. The cells were again dispersed by gentle pipetting and the epithelial cells were pelleted by centrifugation at 100g. The supernatants from both incubations, which contained the stromal cells, were pooled and centrifuged at 300g to pellet the cells.
Both cell types were resuspended in 2 ml of DMEM containing fetal calf serum (10%), glutamine (4 mmol/l) and penicillin and streptomycin (100 mg/ml) (complete DMEM media) (CDMEM) and layered onto 8 ml of CDMEM in a 1 cm wide tube. After 30 min the top 8 ml from the epithelial tube was discarded and the lower 2 ml was used for epithelial cell cultures. For stromal cells the top 8 ml was taken and the bottom 2 ml was discarded. Both cell types were plated in either 24-well plates (for zymography) or 25 cm 3 flasks (for mRNA analysis) at a density of 2 × 10 5 cells per ml. The cells were grown to near confluency (usually 48 -72 h) in an atmosphere of 5% CO 2 and 95% air at 378C. The media were then removed and replaced with media containing either no further supplements (control) or CXCL12 (R&D systems Ltd., Abingdon, Oxon, UK) at 1, 10 and 100 ng/ml. The cells were grown for a further 48 h, after which the supernatants from the 24-well plates were removed and kept at 2208C for MMP analysis by zymography. The supernatants from the flasks were removed and mRNA was extracted from the cells as described below. Previous immunocytochemical analysis of vimentin (a stromal cell marker), cytokeratin (epithelial cell marker) and CD-45 (leucocyte marker) of cells prepared and grown in this way has shown that the epithelial and stromal cells are essentially pure and free of leucocyte contamination after 48 h in culture (Tuckerman et al., 2000) .
mRNA extraction mRNA from endometrial biopsies was extracted using TRI-REAGENT TM (Sigma-Aldrich) according to the manufacturer's protocol. Samples were finely chopped and homogenized with 1 ml TRI-REAGENT per 100 mg tissue. The homogenized tissue was centrifuged at 12 000g for 10 min at 48C to remove insoluble material. The supernatant was removed to a fresh tube and allowed to stand at room temperature (RT) for 5 min. Chloroform (0.2 ml/ml TRI-REAGENT) was added and the sample was shaken and then left to stand at RT for 15 min, followed by centrifugation at 12 000g for 5 min at 48C. RNA was precipitated from the upper phase by addition of isopropanol (0.5-ml/ml TRI-REAGENT) and thorough mixing. The mixture was allowed to stand for 10 min at RT and was centrifuged at 12 000g at 48C, which led to the formation of an RNA pellet. The supernatant was removed and 75% ethanol (1 ml/ml TRI-REAGENT) CXCL12 and human endometrium was added. The tubes were vortex mixed and centrifuged at 7500g for 5 min at 48C. The supernatant was removed and the pellet left to air dry. The pellet was resuspended in nuclease-free water and stored at 2808C. mRNA from primary endometrial epithelial and stromal cells was extracted using Genelute TM Mammalian Total RNA miniprep kits. After incubation, the cells were removed from the 25 cm 2 flasks using trypsin/EDTA and cells from each flask were pelletted by centrifugation at 100g. The mRNA from each pellet of cells was extracted according to the manufacturer's instructions. The purified RNA was stored at 2808C.
Quantitative mRNA analysis
The yield, concentration and purity of the RNA was assessed by spectroscopy and adjusted to a concentration of 50 ng/ml. Total RNA was reverse transcribed to cDNA using a High Capacity cDNA Reverse Transcription Kit (Applied Biosystems). Ten microlitres of RNA (500 ng) was added to 10 ml of cDNA master mix containing 2 ml 10X reverse transcriptase buffer, 0.8 ml dNTP mix (100 mM), 2 ml 10X RT random primers, 1 ml reverse transcriptase and 4.2 ml of nuclease-free water.
Reverse transcription was carried out in a thermocycler set at 258C for 10 min, 378C for 120 min and 808C for 5 s. Negative (2RT) controls were prepared in the same way but with 1 ml nuclease-free water instead of reverse transcriptase. CXCR4 mRNA expression in endometrial biopsies and cultured stromal and epithelial cells was measured using Taqman real-time PCR assays using YWHAZ as the reference gene (Vandesompele et al., 2002) . The use of YWHAZ as a reference gene was chosen after assessing the stability of eight different established housekeeping genes across different endometrial cell types. Taqman assays for CXCR4 (Hs00237052) and YWHAZ (Hs00237047) were obtained from Applied Biosystems UK and 10 ml amplification reactions were carried out using a Taqman fast universal master mix with 1 ml of the cDNA synthesis reaction. Thermal cycling conditions were 958C for 10 min followed by 40 cycles of 958C for 15 s and 608C for 1 min.
CXCL12 mRNA expression in endometrial biopsies and MMP-2 and MMP-9 mRNA expression in cells was measured using SYBR Green realtime PCR using YWHAZ as the reference gene. Primer sequences and efficiencies are shown in Table I . Each reaction contained 12.5 ml absolute QPCR SYBR Green mix, 1 ml forward and reverse primer (0.5 pmol) and 2 ml cDNA in a 25 ml reaction. A PCR negative control containing nuclease-free water instead of cDNA and a 2RT control containing 2RT reaction instead of cDNA were included. Amplification was carried out in an iCycler iQ (Bio-Rad). Thermal cycling conditions were 958C for 15 min followed by 40 cycles of 958C for 15 s, 608C for 1 min and 958C for 30 s, followed by a standard melt curve analysis, which showed a single peak in all cases and confirmed the specificity of the product. Levels of expression of all transcripts were calculated using the Delta C t method. The threshold cycle value for the reference gene mRNA was subtracted from that of the target gene and mRNA levels of the target gene were expressed as 2 2(DCt)
. cDNA prepared from mRNA extracted from each biopsy or cell sample was analysed in triplicate.
Cryostat sectioning
Ten micrometre sections were cut from the frozen endometrial biopsy samples embedded in Cryo-M-Bed [Bright Instrument Co Ltd, Huntingdon, UK]. After cutting, the sections were fixed in 3.7% (w/v) paraformaldehye in phosphate-buffered saline (PBS) for 15 min at RT. The sections were then washed in PBS and fixed in methanol at 2208C for 4 min, then acetone at 2208C for 2 min. The sections were washed in PBS and stored in sucrose solution (50:50 mixture of 0.5 M sucrose, 0.14 M MgCl 2 in PBS and glycerol) at 2208C.
Immunohistochemistry for CXCL12 and CXCR4
The CXCL12 primary antibody was mouse anti-human (R&D Systems, Abingdon, UK; clone number 79018) (2 mg/ml). The CXCR4 primary antibody was also mouse anti-human (AbCam, Cambridge, UK; ab58176) (3 mg/ml). The binding of antibodies to antigen was visualized using an Elite Vectastain Universal ABC kit (Vector, UK) and DAB substrate according to the manufacturers' instructions or a fluorescein conjugated rabbit anti-mouse immunoglobulin (Dako Ltd., Ely Cambridgeshire).
Sections were washed twice for 5 min in PBS to remove sucrose solution and then quenched in 3% hydrogen peroxide in methanol for 10 min. After washing in PBS, slides were incubated with blocking solution [15 ml horse serum plus 5 drops avidin from an avidin-binding blocking kit (Vector UK) per ml of PBS] for 30 min at RT. The sections were then incubated with primary antibody in PBS containing 15 ml of horse serum plus five drops of biotin/ml PBS, overnight at 48C. For visualization of binding using the vectastain kit, the sections were then washed as before and incubated with biotinylated secondary antibody, diluted in PBS containing15 ml horse serum/ml, for 30 min at RT. Sections were washed and then incubated with avidin-biotinylated enzyme complex for 30 min at RT. After repeating the wash twice, sections were stained for 8 min with diamino-benzidine-tetrachloride substrate to visualize antibody binding, washed in distilled water for 5 min and counterstained for 10 min with haematoxylin (20% in tap water). Sections were dehydrated through alcohol, cleared in xylene and mounted in DePeX. All incubations were carried out in a humid chamber. For visualization using the flouresceinconjugated antibody, after incubation with primary antibody and washing in PBS, sections were incubated with fluorescein-conjugated rabbit antimouse immunoglobulin (1:20 dilution in PBS) for 1 h at RT in the dark. The slides were washed as before and counter stained with propidium iodide and mounted in Citifluor. For a negative control, the primary antibody was replaced with mouse IgG (2 mg/ml). Immunostaining was carried out on three separate occasions in sections from the same biopsy. Sections from all 12 biopsies were stained at the same time. 
Zymography
MMP-2 and MMP-9 activity in the stromal and epithelial cell culture supernatants were determined by gelatin zymography. Supernatants (5 ml) were added to non-reducing buffer and run on 7.5% polyacrylamide gel containing 0.1% gelatin. A lane containing molecular weight markers (Sigma) was also included. Separation was carried out for 2 h at 100 V. Gels were incubated in three changes of 2.5% (v/v) Triton X-100 for 30 min each and then incubated overnight at 378C in 0.25 mol/l Tris buffer containing 1 mol/l NaCl and 0.025 mol/l CaCl 2 . The gels were then stained with 0.5% (w/v) Coomassie blue R 250 in 10% (v/v) acetic acid, 30% (v/v) methanol and destained in 10% (v/v) acetic acid, 45% (v/v) methanol. The bands produced were identified by comparison with those produced from DX3 cells, which acted as a positive control. Band size was determined by densitometry. CXCL12 was added to cells prepared from five different biopsies and the supernatants from each experiment were analysed on three separate occasions.
Statistics
The biopsies were divided into early proliferative (n ¼ 6), late proliferative (n ¼ 7), early secretory (n ¼ 7), mid-secretory (n ¼ 4) and late secretory (n ¼ 6) phases of the cycle. Non-parametric Mann -Whitney tests were used to determine statistical differences between expression of CXCL12 and CXCR4 mRNA at different times in the menstrual cycle. A Kruskall -Wallis (non-parametric ANOVA) test was used to determine the effects of CXCL12 on MMP-2 and MMP-9 mRNA and activity in cultured epithelial and stromal cells.
Results
Expression of CXCL12 and CXCR4 mRNA in the endometrium throughout the menstrual cycle CXCL12 mRNA was measureable in 27 of the 30 biopsies, although levels were considerably lower than those of the reference gene. There was no difference in CXCL12 mRNA expression in biopsies obtained at different times in the menstrual cycle (Fig. 1) . Expression of CXCR4 was measureable in all 30 biopsies and levels in most biopsies were greater than the reference gene. In contrast to CXCL12, expression of CXCR4 showed changes during the menstrual cycle. Expression was significantly higher in endometrium obtained during the early proliferative phase compared with that obtained in the late proliferative (P , 0.001), early secretory (P , 0.001), mid-secretory (P , 0.01) and late secretory (P , 0.001) phases (Fig. 2) .
Immunostaining for CXCL12 and CXCR4 in endometrial tissue Figure 3 shows the staining for CXCL12 and CXCR4 in endometrial biopsy samples obtained from normal fertile women during the menstrual cycle. CXCL12 staining intensity was greatest in the endometrial epithelial compartment (Fig. 3a-d ) and appeared to be stronger in the luminal epithelium compared with the glandular epithelium (Fig. 3f) .
No staining was seen in the stromal compartment, or in subpopulations of stromal cells, but some weak staining was seen in cells in Expression in the early proliferative phase was significantly higher than that in the late proliferative, early secretory and late secretory phases at P , 0.001 (***). Expression in the early proliferative phase was significantly higher than that in the mid-secretory phase at P , 0.01 (**).
the blood vessel walls (Fig. 3a and c) . There appeared to be no difference in staining intensity in either endometrial compartment or in the cells in the blood vessel walls in endometrium obtained at different times in the cycle. CXCR4 immunostaining was seen in endometrial epithelium, stroma and in the cells of the blood vessel walls (Fig. 3g -i) . Staining was more intense in the epithelium and in the cells in the blood vessel walls than in the stroma. Staining intensity appeared to be slightly more intense in the epithelium from endometrium obtained during the proliferative phase of the cycle, but overall there appeared to be no obvious differences in staining patterns in any compartment at any time in the cycle.
Effects of CXCL12 on MMP-2 and MMP-9 mRNA and activity in endometrial stromal and epithelial cells
Real-time PCR showed that cultured epithelial and stromal cells expressed mRNA for the CXCR4 receptor (data not shown) and therefore should have the ability to respond to CXCL12. Assessment of MMP activity by zymography produced two bands of activity at 92 and 72 kDa. Comparison with the known bands produced by D3X cells suggested that these correspond to the pro-forms of each MMP ( Fig. 4c and f) . MMP mRNA levels and activity were greater for MMP-2 than for MMP-9 in both stromal and epithelial cells. Levels of MMP-2 as assessed by both zymography and mRNA analysis were approximately twice as high in stromal cells than in epithelial cells. CXCL12 had no effect on MMP-2 or MMP-9 mRNA levels or activity in either stromal or epithelial cells (Figs 4 and 5 ).
Discussion
In this study, we report the expression of CXCL12 and CXCR4 in the human endometrium throughout the menstrual cycle. We used a combined qRT -PCR and immunohistochemistry methodology to detect both mRNA and protein. Real-time PCR was used to determine differences in levels of mRNA throughout the cycle. Although this is an established quantitative method, this technique cannot differentiate expression by the different cell types in the endometrium. We therefore used immunohistochemistry to determine the types of endometrial cells in which each protein is expressed. The study would have been strengthened if both real-time PCR and immunohistochemistry had been carried out on endometrial tissue obtained from the same women. This would require collection of a larger biopsy sample, which was not always possible and dividing and processing the tissue differently immediately after collection in the operating theatre, which at times is logistically difficult. CXCL12 mRNA was detected in biopsies from all women; however, no changes were seen in tissue collected at different times in the menstrual cycle. Immunostaining showed strong protein expression in the epithelial compartment, weak expression in the blood vessel walls and no expression in the stromal compartment. In contrast to our study, a previous study has reported an inability to detect CXCL12 expression in human endometrial samples at any time in the menstrual cycle using immunohistochemistry (Kitaya et al., 2004) . In that study wax-embedded sections of endometrial tissue were used instead of frozen sections and although the antibody source was the same (R&D Systems), the antibody clone in the earlier study (clone 79014) was different to that used in our study (clone 79018) . The manufacturer's information suggests that clone 79014 was not suitable for immunohistochemistry, whereas clone 79018 is suitable. Thus, the differences in results are likely to be due to the use of different antibodies. A further study was also unable to detect CXCL12 mRNA from endometrial biopsy samples obtained during menstrual, mid-secretory and premenstrual phases using a CXCL12 and human endometrium commercial common chemokine gene array (Jones et al., 2004) . However, other chemokines such as RANTES and MCP-1, whose expression in the endometrium has been shown in other studies (Arici et al., 1999; Akoum et al., 2002; Caballero-Campo et al., 2002) , were also not detected in this study.
The current study also showed expression of CXCR4 in endometrial epithelial, stromal and blood vessel wall cells. This agrees with a previous report which showed expression of CXCR4 in endometrial stromal and epithelial cells in vivo by immunohistochemistry and qRT -PCR (Dominguez et al., 2003) . In our study mRNA expression was considerably higher in endometrium obtained during the early proliferative phase of the cycle compared with that in biopsies collected at other times. This is in contrast to the study of Dominguez et al., 2003 , which showed a small increase in mRNA levels in the mid-secretory phase, at the time of implantation. However, in their study tissue was collected from only 15 women (as compared with 30 women in our study). Increased expression of CXCR4 during the proliferative phase of the menstrual cycle, a time of increased angiogenesis in the endometrium, might suggest that CXCL12 plays a role in the angiogenic process. We were unable to determine which type of blood vessel wall cells were expressing either CXCL12 or CXCR4, however the expression of these factors in blood vessels might suggest a role for CXCL12 in angiogenesis. Expression in the blood vessel walls might also suggest a role in the recruitment of uNK cells from the blood into endometrial tissue. However, we were also unable to determine whether the CXCR4 positively stained cells in the stroma were stromal cells or leukocytes. In particular, it would be of interest to carry out co-localization analysis with anti-CD56 + to determine if the stromal cells were uNK cells.
Expression of CXCR4 by cultured human endometrial epithelial and decidual stromal cells has also been reported (Dominguez et al., 2003; Hess et al., 2007) . In these studies CXCR4 expression in both cell types was up-regulated by the presence of either blastocysts (epithelial cells) or trophoblast (decidual stromal cells), suggesting that CXCL12/ CXCR4 may play a role in the embryo/embryonic cell interactions associated with implantation.
Increased CXCL12 expression in the luminal epithelium compared with glandular epithelium was seen in our study. The luminal epithelium is the point of attachment of the embryo to the endometrium during implantation and CXCL12 may play a role in this process. However, a previous report has suggested that CXCR4 is not expressed by the blastocyst (Dominguez et al., 2003) . Alternatively, the luminal epithelium is exposed to foreign particles present in the uterine cavity, especially sperm and semen. CXCL12 may therefore play a role in innate immunity, which protects the endometrium and placenta from infection.
The fact that CXCR4 is expressed by stromal and epithelial cells suggests that CXCL12 may affect the growth and function of these cells as well as that of leucocytes. CXCL12 has been shown to affect other important physiological and pathological functions including angiogenesis, MMP production and cell proliferation in many cell types (Chen et al., 2006; Kryczek et al., 2007) . In this study, we confirmed expression of CXCR4 in our cell culture model and then investigated whether CXCL12 could affect the production of MMP-2 and MMP-9 mRNA and secreted activity in separated stromal and epithelial cells. Similar patterns of MMP-2 and MMP-9 production by each cell type were shown by mRNA and zymography, and showed production of more MMP-2 than MMP-9 by both cell types. It also showed a 2-fold increase in production of MMP-2 by stromal cells compared with epithelial cells. This pattern of MMP-2 and MMP-9 production is similar to that measured by ELISA in cultured epithelial and stromal cell supernatants as previously reported (Cork et al., 2002) . Despite expression of CXCR4, CXCL12 at 10 and 100 ng/ ml had no effect on MMP-2 and MMP-9 production by either stromal or epithelial cells. These concentrations of CXCL12 are relatively high, but are similar to levels shown to affect cellular function in other cells (Jaleel et al., 2004; Chinni et al., 2006) . Previous studies have shown that steroid withdrawal, including placing endometrial cells in culture without hormones causes up-regulation of MMP expression (Marbaix et al., 1992) and this may be the reason for a lack of effect of CXCL12 on MMP expression in these experiments. In this study, the cells were incubated in media containing fetal calf serum, which also contains MMPs and this may also mask effects of CXCL12 on MMP production. However, we have previously shown that IL1 and TNF-a, which are known stimulators of MMPs, are able to increase MMP-2 and MMP-9 secreted protein (assayed by ELISA) and activity (shown by zymography) in epithelial and stromal cells cultured in this way (unpublished observation).
It has recently been shown that CXCL12 also binds to CXCR7 and that CXCR7 does not mediate typical chemokine receptor responses such as leukocyte trafficking, but may act as a decoy receptor or may be involved in CXCL12-mediated cell growth and survival (Sun et al., 2010) . CXCR7 is expressed in human placenta (Tripathi et al., 2009) and further studies on its expression in human endometrium may help our understanding of the role of CXCL12 in reproductive biology.
In summary, this study has shown expression of CXCL12 and CXCR4 in the human endometrium, with no change in CXCL12 throughout the menstrual cycle and increased expression of CXCR4 during the early proliferative phase. CXCR4, the receptor for CXCL12 is expressed by endometrial stromal and epithelial cells suggesting that CXCL12 may affect endometrial cell function directly. However, CXCL12 had no effect on MMP production by cultured stromal and epithelial cells.
